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ABSTRACT
Recent years have witnessed the emergence of a growing litera-
ture bemoaning the level of quantitative methods provision within
the U.K. Higher Education sector, noting its negative impact upon
the subsequent skills of graduates and their preparedness for the
workplace. The present paper documents and evaluates an
attempt to counter these issues via the introduction of an increas-
ing element of ﬂexible learning on a business and ﬁnancial fore-
casting module. Using a mixture of empirical methods, it is shown
that ﬂexible learning results in improvements in student perfor-
mance and ability across a range of metrics. It is argued that
‘broad’ forms of ﬂexible learning can be employed to overcome
the concerns of an increasingly negative literature on quantitative
methods provision and the subsequent skills levels of students.
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1. Introduction
‘In universities in the USA, Germany, the Netherlands, Belgium and Switzerland students
typically develop much better quantitative skills than in even the best UK degree programmes
because they are at the centre of the curriculum. Too often in the UK they languish in the
margins.’ (Count Us In: Quantitative Skills for a NewGeneration, British Academy, 2015, p. 11)
This observation oﬀers a disappointing assessment of quantitative methods in the UKHigher
Education sector, one that is reiterated in numerous studies which all ultimately question the
preparedness of graduates for theworkplace (see, inter alia, BritishAcademy, 2012;MacInnes,
Breeze, de Haro, Kandlik, & Karels, 2016; Mason, Nathan, & Rosso, 2015). Redressing this
perceived deﬁcit is a complex proposition which cannot be achieved by simply increasing
quantitative methods provision content given the numerous factors that impact on student
performance and inﬂuence engagement with quantitative methods modules. These factors
include: the low conﬁdence and anxieties of students in connectionwith quantitativemethods;
a perceived steep learning curve; and inconsistent expectations of the level of mathematical
content at undergraduate level (British Academy, 2012; Carey, Hill, Devine, & Szücs, 2016;
Dawson, 2014; Economics Network, 2012; Hembree, 1990). Given these primarily
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psychological blocks to the subject, an unconsidered increase in quantitative provision could
generate counteracting eﬀects which worsen, rather than resolve, engagement with the
subject. This paper argues that ﬂexible learning methods are a vital inclusion to minimise
the negative impact of these signiﬁcant factors when ensuring appropriately high levels of
quantitative methods provision.
To demonstrate the importance of ﬂexible learning, we target a particularly quantitatively
demanding undergraduate module at Swansea University. The module, Business and
Financial Forecasting, is based in the School of Management and made available to all
ﬁnalists. The selection of this module reﬂects two important issues. First, there is an
increased risk of disconnect between student expectations and the module’s learning out-
comes. While it is available to students from a student population who have a diverse
experience in using mathematical analysis, the technical demands of the module are high.
Overall, it requires the understanding and application of a myriad of mathematical and
statistical methods. Any impact of ﬂexible learning on student outcomes, assuming its
positive inﬂuence on student engagement, should therefore be apparent in this type of
module. Second, given the module is designed for Social Scientists, this research is particu-
larly relevant to the national debate that implicates the Social Sciences as a major area in
which quantitative methods are in deﬁcit. This is reﬂected by the Economic and Social
Research Council, Higher Education Funding Council for England, British Academy and
Nuﬃeld Foundation co-funded Quantitative Methods Initiative which identiﬁes a deﬁcit in
skills and seeks to support improved understanding of quantitative social science.
Our governing tactic is to develop methods which meet the high technical demands
expected of this type of module in an accessible and engaging manner that addresses the
plaguing issue of self-eﬃcacy. It involves the integration of e-learning materials which
have been incorporated in the module since its inception in 2013–14.1,2 These materials
(discussed in more detail below) have an interactive design and diﬀer signiﬁcantly from
the traditional material provided in lecture and workshop environments. Importantly,
they facilitate multiple objectives: revealing the intuition behind complex statistical
methods; displaying the logical processes involved in alternative approaches; and
permitting the generation of additional data-based examples to assist learning.
Throughout the materials, ‘replication’ is promoted as a tool to build conﬁdence as
clear objectives are presented for students to work towards at their own pace and oﬀer
a focus which challenges students’ understanding without inhibiting their activities.
The incorporation of e-learning has inspired a radical re-organisation of the module.
Changes include: the utilisation of a ‘ﬂipped classroom’ format where contact hours are
modiﬁed in response to changes in student working practices ahead of, and following,
classroom sessions; the incorporation of student-led sessions allowing a non-didactic
approach to learning; and, the provision of formative assessment methods to support
self-eﬃcacy. This paper is structured to demonstrate how this occurs. The next section
locates our research within the general literature and raises issues related to the
precarious position of quantitative methods in U.K. higher education. The identiﬁed
skills gap in quantitative methods is reviewed ahead of discussing associated research
into anxiety and student perceptions in relation to mathematical and statistical meth-
ods. Section [3] provides a discussion of ﬂexible learning and considers its relationship
with the increasingly popular concept of the ﬂipped classroom. Section [4] ﬁnds the
method detailed, highlighting the structure of the ﬂexible learning processes that are
18 S. COOK ET AL.
adopted. This permits a unique empirical analysis into the impact of these materials on
student performance in Section [5]. Rather than simply consider aggregate performance
on the module through time, this analysis investigates the performance of students on
this module relative to their performance across all other modules in their ﬁnal year of
undergraduate study. This approach, acknowledging the numerous factors which inﬂu-
ence student performance (Pokorny & Pokorny, 2005), addresses the complicating
factor of cohort eﬀects. It therefore enables focus on (i) the performance of students
on this speciﬁc quantitative methods module relative to the performance of these
students elsewhere and (ii) how this has changed over time as increased ﬂexible
learning materials have been introduced. Additionally, to allow consideration of poten-
tial asymmetries in the distribution of module marks, non-parametric testing is pro-
vided. This empirical approach allows us to consider possible ‘separation’ of students
across the marking distribution where, for example, a small number of students are
located at one end of the range compared to a clustering at the other. As will be
discussed, the empirical analysis allows consideration of the underlying motivations of
students and the resulting of this upon performance. Section [6] concludes.
2. Quantitative skills in UK Higher Education
‘..many degree courses have evolved in a non-quantitative direction in order to cope with
students’ QS [quantitative skills] deﬁciencies’ (Mason et al., 2015, p. 63)
The above captures the growing concern presented by the quantitative skills deﬁcit in the
U.K. Higher Education sector. This message has been reiterated on numerous occasions in
an expanding literature that has generated a consensus that deﬁciencies in the provision of
quantitative methods restricts the skills delivered by tertiary education. The British
Academy’s Society Counts report of 2012, for example, is downbeat when reviewing the
low levels of quantitative skills achieved, particularly within the Social Sciences. The
damning account of MacInnes et al. (2016) comments on limited prior quantitative
knowledge of students, which is then compounded by subsequent inadequacies of encour-
agement and opportunity to cement quantitative skills. These concerns were similarly
expressed a year previously in the British Academy’s Count Us In report of 2015. Any
deﬁciency in quantitative training must be seen as a pre-cursor to the employability issues
raised in the Department of Business, Innovation and Skills Market Assessment of Public
Sector Information report of 2013. Referring repeatedly to a skills shortage in the work-
place created by the quantitative methods deﬁcit, this speciﬁcally highlights ‘a lack of skills
and familiarity to work eﬀectively with data’ (Department of Business, Innovation and
Skills, 2013, p. 34). Clearly, the provision of quantitative methods training and level of
resulting skills in the workplace are directly related, a point captured succinctly in the
following quote from the Society Counts report:
‘Students often graduate with little conﬁdence in applying what skills they do have, which
then has knock-on eﬀects for businesses as graduates can be ill-prepared for the data
demands of the workplace.’ (British Academy, 2012, p. 10).
An interesting speciﬁc case study into quantitative methods, however, is oﬀered by
undergraduate degrees in Economics. While concluding that the quantitative skills deﬁcit
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is most apparent for the social sciences, the above studies typically note Economics as an
exception. Arguably this reﬂects recognition that technical modules tend to be embedded
within all levels of study in Economics. However, despite this positive view, there is
nonetheless evidence of deterioration. For example, the Employers’ Survey conducted by
the Economics Network provides an examination of employers’ demands for graduate
skills and ﬂags quantitative skills as an increasingly problematic issue. Thus, while the
2014–15 Employers’ Survey (Economics Network, 2015) found data-based and IT skills to
be vitally important to employers, there is a noted decline in the skill levels of economics
graduates relative to the previous 2012 survey (Economics Network, 2012). In addition,
there is research which questions how quantitative methods are taught within Economics.
For example, Dawson (2014) refers to a ‘mathematics problem’ (p. 22) which includes the
challenge of a ‘steep learning curve’ (p. 6) in relation to quantitative methods. Further to
this, the 2012 National Economics Students Survey refers to student perceptions of
unexpectedly high levels of, and heavy emphasis placed upon, mathematics. Rethinking
Economics, an international network of students, academics and professionals, go as far to
quote Kenneth Boulding’s ‘Mathematics brought rigor to economics. Unfortunately, it also
brought mortis’. Overall, these ﬁndings suggest that Economics is not immune to problems
associated with quantitative methods training and the diﬃculties encountered can be used
to query the solution to any perceived deﬁcit. The call for action in the Count Us In report
is to ‘ratchet up the quantitative content of social science and humanities programmes’
(British Academy, 2015, p. 15). However, experiences in Economics illustrate that an
increase in quantitative content will not create automatic gains. Consequently, rather than
just targeting the frequency and volume of quantitative methods provision, the focus here
is broadened to consider the nature of the pedagogical methods utilised in the delivery of
quantitative methods teaching.
The dilemma created by the need to intensify quantitative provision is also starkly
evident in the anxiety-performance literature. Here, it can be found that an increase in
poorly constructed quantitative provision could be detrimental. The research, spanning
three decades, from Hembree (1990) to Dowker, Sarkar, and Looi (2016), presents
numerous instances of how anxiety in mathematical and statistical disciplines impairs
student performance. Aspects of this discourse focus on curriculum design and reveal
how anxiety can be speciﬁc to perceptions over the nature of the content: i.e. whether it
is more mathematical or statistical (Paechter, Macher, Martskvishvili, Wimmer, &
Papousek, 2017). Additionally, the literature highlights issues and biases which could
signiﬁcantly impair goals in key areas such as widening participation. For example,
there are notable gender diﬀerences in anxiety-performance relationships (Dowker
et al., 2016; Macher et al., 2013). Overall, while it is apparent that revisions to
quantitative methods provision may be required to ensure an appropriate level and
volume of coverage, this must be undertaken in an accessible manner that does not
increase anxiety and enhances, rather than damages, self-eﬃcacy.
3. Flexible learning
With the advent of the massiﬁcation of Higher Education, the introduction of tuition
fees and the increasing importance of metrics such as league tables and the National
Student Survey, alternative teaching methods and their eﬀectiveness have come under
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increasing scrutiny. A prominent feature of this discussion involves the role of the
‘traditional’ lecture in modern day delivery.3 Key papers here include Bligh (2000),
Folley (2010) and Gibbs (2013), all of which provide highly critical commentaries of the
eﬀectiveness of the lecture format. Limitations to the lecture format are advertised
further through problems such as catering for a diverse cohort of learners (Schmidt,
Wagener, Smeets, Keemink, & van der Molen, 2015) and the student preference for self-
paced learning (McFarlin, 2008).
From this growing literature on the limitations of the traditional lecture format, the
leading alternative is currently the ﬂipped classroom. The notion of ‘ﬂipping’ can be
considered as involving an inverted classroom in which computer-based instruction out-
side the classroom allows face-to-face delivery to become more interactive (Bergmann &
Sams, 2012; Bishop &Verleger, 2013). However, despite its intuitive appeal, evidence on the
impact of ﬂipping has proved to be mixed; with substantial positive eﬀects (Chen & Lin,
2012), small positive eﬀects (Caviglia-Harris, 2016; Olitsky & Cosgrove, 2016), no eﬀect
(Blair, Maharaj, & Primus, 2016; Brown & Liedholm, 2002; Guerrero, Beal, Lamb,
Sonderegger, & Baumgartel, 2015; Olitsky & Cosgrove, 2013; Sparks, 2013; Terry &
Lewer, 2003) and even negative eﬀects (Kwak, Menezes, & Sherwood, 2015) reported in
the literature. In an attempt to understand these mixed ﬁndings, Webb, Watson, and Cook
(2018) consider potential explanatory factors which may impair the impact on student
performance. The two factors considered are the inherent motivations of students and the
nature of the method of the ﬂipping employed. Regarding student motivation,
Harackiewicz, Barron, Carter, Lehto, and Elliot (1997) and Allgood (2001) are used to
recognise that the impact of ﬂipping may be clouded by ‘grade targeting’ behaviour. Here,
students adopt a minimum mark that is deemed to be satisfactory. Rather than generating
an improvement in student performance, the pedagogical approach can just make it easier
for the student to achieve this ‘reservation mark’. Turning to the design of ‘ﬂipped’
materials, Webb et al. (2018) decompose formats into ‘constrained’ and ‘broad’ forms.
‘Constrained’ ﬂipping relates to the commonly adopted approach of providing standard
lecture material online, with lectures recorded via video capture software being a popular
choice. The beneﬁcial aspect of this approach is seen to be time freed in the classroom,
enabling more interactive activities to be pursued. In contrast, ‘broad’ ﬂipping occurs when
the material provided for study outside of the classroom oﬀers something diﬀerent to the
standard lecture coverage. The results of Webb et al. (2018) for the teaching of economic
theory show that it is only ‘broad’ ﬂipping which improves student performance. Under
this approach, e-learning materials are constructed from the outset in an unstructured way.
No conclusions are provided and there is no single means to engage with the material.
Numerous stand-alone perspectives are presented, allowing students to decide themselves
how they should consider the information. Twinning the theory with real-world practical
applications, the materials are constructed to empower students in how they engage.
The current study adopts an approach which is in keeping with that of Webb et al.
(2018). Although it considers a diﬀerent subject matter, focusing on technical analysis
rather than critical analysis, it adopts a broad ﬂipping approach designed to allow
student choice in the engagement with the online materials. As such, the views of
Watson, Webb, Cook, and Arico (2015), Ryan and Tilbury (2013), French and Kennedy
(2017) and Matheson and Sutcliﬀe (2017) are shared, favouring the integration of both
learner empowerment and more inventive use of classroom time.
HIGHER EDUCATION PEDAGOGIES 21
4. The E-learning approach
‘IT and mathematical skills are interdependent’, Hoyles, Wolf, Molyneux-Hodgson, and
Kent (2002, p. 3)
The module developed in this paper involves 30 hours of classroom interaction. We
build on this traditional staﬀ-student interaction, by introducing a ﬂexible learning
approach based on the provision of extensive e-learning materials. Details of these
materials are given in Table 1.
In addition to providing a brief title, Table 1 provides the date of publication and
the recorded access statistics for each set of materials.4 While varied in terms of
content and focus, all materials are based on providing students with self-contained
packages of ﬂexible learning materials which include a complete coverage of
a speciﬁc topic incorporating explanatory materials, data-based examples, references
to published research and interactive computer-based elements.5 The computer-
based interaction presented in the resources is in keeping with Gordon (2014)
which describes the manner in which technology creates opportunities for ﬂexible
learning. The constructed materials are designed to encompass and extend both
lecture and computer workshop activities, while also giving illustrative examples to
demonstrate the applied nature of the methods being used. Importantly, and as is
explained below, these materials diﬀer from the standard lecture notes or data sets
often provided for modules, oﬀering instead something diﬀerent and complementary
in nature. Also, these materials allow students to work through topics at their own
pace and at their convenience from any location and hence meet the Advance HE
view that ﬂexible learning should enable ‘choice and responsiveness in the pace, place
and mode of learning’ (Ryan & Tilbury, 2013, p. 8). Moreover, as expressed by
Hoyles et al. (2002), the computer-based approach adopted also builds on the
interdependent nature of mathematics and IT skills, with the development of skills
in mathematics working conjointly with the accessible framework provided by IT.
This generates further positive employability spillovers:
‘the widespread use of Information Technology (IT) in workplaces has not reduced the need
for QS [quantitative skills] but rather changed the nature of the skills required (for example,
with employees needing to understand the underlying models used by computer software in
order to make eﬀective and accurate use of it)’ (Mason et al., 2015, p. 10).
Table 1. Flexible learning materials.
Case Study Title Access Statistics
Cook (2006) Forecast Evaluation 56,217
Cook (2013a) Time Series Decomposition 29,261
Cook (2013b) Forecast Combination 11,358
Cook (2014a) Forecast Encompassing 13,638
Cook (2014b) Directional Forecasting 13,059
Cook (2016a) Exponential Smoothing 7,035
Cook (2016b) Visual Identiﬁcation of ARIMA Models 7,116
Cook (2016c) Analysing Forecasting Bias 5,446
Notes: All of these materials are published in the e-learning section of the Economics
Network Ideas Bank (https://www.economicsnetwork.ac.uk/showcase/cit), an online
facility for sharing and disseminating e-learning. Access statistics as of 5 November
2018. Total reads: 143,130.
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The e-learning is designed to include self-contained mathematics, derivations and
discussion. This enables substantial ﬂexibility in its use by students. It can be
employed as reading ahead of lectures or computer workshops; it can be drawn
upon to set exercises for use ahead or after classes to illustrate integral issues;
revision sessions can be shaped via its use; and students can consult and employ it
at any time. It also promotes student control over the nature of lecture and work-
shop contact hours. This element is apparent also in two weeks that are devoted to
recapping of material and an even greater emphasis on application. These weeks are
timed to occur at the mid-point and end of the module ahead of the coursework
submission and end of year examination respectively. Within these weeks, student-
led sessions are held in which the standard teacher-learner hierarchy is side-lined.
Drawing upon the insights obtained from the ﬂexible learning materials, students
formulate ideas and determine the content of these sessions. As with the design of
the e-learning, this learner empowerment is consistent with the learning gains
mentioned by Watson et al. (2015) and Ryan and Tilbury (2013). It also allows for
a rapid response to student misconceptions and problems ahead of formal assess-
ment, as championed by Berrett (2012).
More speciﬁcally, the combination of discursive and data-based elements in the
e-learning materials allow students to beneﬁt from the following aspects: results are
available for students to replicate; step-by-step walk-throughs are provided with illus-
trative examples; interactive elements are provided to allow immediate consideration of
results and how they impact on conclusions; topical examples are used to raise
engagement levels; there is a combination of diﬀerent software packages, with more
basic software such as Excel combined with sophisticated packages to allow hands-on
analysis; speciﬁc examples, with clear-cut results, are used to demonstrate the under-
lying features of mathematical methods; and there is a focus on a design boosting self-
eﬃcacy through the provision of ‘hidden intuition’.
To illustrate the embedding of ‘hidden intuition’, we now give more detail of the
Forecast Combination e-learning resource. This topic considers how two sets of fore-
casts of a variable can be merged to create a combined forecast. There are numerous
technical matters covered, but one element which proves diﬃcult is the intuition
underlying the determination of the relative proportions of each set of forecasts to
use to create an improved joint forecast (e.g. is it 90% of one and 10% of another?).
Following conventional notation, these proportions are denoted as λ for the second set
of forecasts and 1 λð Þ for the ﬁrst set of forecasts. After application of optimization
using calculus, the resulting algebraic expression obtained, as given in Equation (1), is
not necessarily straightforward or intuitive:
λ ¼ σ
2
1  ρσ1σ2
σ21 þ σ22  2ρσ1σ2
(1)
where σ2i denotes the variance of the errors of forecast and ρ is the correlation between
the two sets of forecast errors. The technical requirements involved in the mathematics
leading to (1) are understood by students, given their prior knowledge of concepts such
as partial diﬀerentiation, variance and correlation. However, interpretation of Equation
(1) can understandably prove problematic. For example, how will λ vary if the value of
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σ1 changes? This component appears in the numerator and the denominator, it appears
as squared and not squared, it is added, and it is subtracted. While the mechanics
involved in the derivation of the result are important, a vital issue is the intuition
underlying the value of λ . How do the inputs (i.e. the properties of the forecasts used)
inﬂuence its value? Given the nature of the forecasts considered, what value might be
expected? Although standard lecture material will typically fail to address these ques-
tions, the interactive nature of this e-learning resource provides students with further
insight. Included in the e-learning is a spreadsheet which allows automated calculation
of λ for limitless diﬀerent combinations of the inputs, i.e. ρ; σ1; σ2f g. Extremely
intuitive results, originally hidden by the complex algebra, therefore come to light.
For example, the student can determine that- ceteris paribus- greater values of λ are
observed for greater values of σ1. That is, they can see that when the ﬁrst set of forecasts
is more volatile and- in crude terms- less attractive, we use less of it. While standard
lecturing methods focus on the algebra, the e-learning allows for hands-on experimen-
tation which advertises practical application and the mechanics of the procedure. This
discussion of the hidden intuition masked by complex algebra is also relevant to
a further feature of the e-learning material which allows consideration of the properties
of the combined forecast. A screenshot from the interactive Excel ﬁle created by student
interaction is provided in Figure 1. This aspect of the e-learning, which supplements
explanatory text and discussion, uses visual means to encourage a deeper understanding
of what is meant by ‘optimisation’. The student can see that the calculus involved in the
analysis can be viewed as a search procedure associated with a value which minimizes
the value of function (i.e. we are simply looking for the lowest point on a curve). Such
interactive graph creation can contribute to the promotion of self-eﬃcacy as the
interactive nature of the resource allows endless examples and results to be generated
via the use of alternative inputs. Consequently, the user can choose values with more
straightforward intuition to create more accessible results and once conﬁdence is built,
then proceed to more complex cases. As a result, technical material is provided in an
intuitive manner with solutions accompanied by graphical presentation, thus mitigating
Figure 1. Forecast combination.
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anxiety and focusing on the practical purpose of the alternative quantitative methods
that are adopted.
The nature of this speciﬁc set of materials illustrates the ‘complementary’ nature of
e-learning packages available for this module. That is, the materials are not the typically
provided lecture notes or data sets or computer lab worksheets, but instead provide an
alternative delivery and presentation of topics designed to develop additional under-
standing. The above ‘forecast combination’ example illustrates the use of interactive
packages within the e-learning materials to allow the generation of limitless examples of
results to permit repeated practice and exposure to varying outcomes. This features in
other e-learning resources, with, for example, directional forecasting and forecast
evaluation materials containing packages to allow users to input whatever series they
wish to automatically generate limitless results in relation to the prediction changes in
the movement of variables and forecast accuracy respectively. In other instances,
a greater emphasis is placed upon step-by-step presentation and deconstruction of
methods so that details and subtleties associated with methods can be identiﬁed and
explained. However, in general, the e-learning materials provide alternative perspectives
on topics which combine what might be considered traditional lecture and lab materi-
als, but in a diﬀerent format which incorporates interactive elements to create explained
examples, provide links to the literature, synthesise alternative software packages and
incorporate data-based examples. Therefore, the materials have the additional advan-
tage of oﬀering something new to students who have attended classes while also
providing a means for absent students to avoid falling behind, something a more
restricted approach to ﬂexible learning such as lecture capture does not oﬀer.
5. Empirical analysis
Details of how the ﬂexible learning methods have been embedded over the time frame
of our study is provided in Table 2. The sets of ﬂexible learning materials (FLM) have
increased from 3 to 8 over the 4 years, leaving only one topic covered on the module
without e-learning support.6 As FLM has increased over the time frame of our experi-
ment, there has been a coinciding increase in the mean module mark (notably increas-
ing from 55.1% to 70.7%), the number of students taking the module (from 15 to 27)
and the percentage of ‘good honours’ outcomes (from 27% to 85%).7 The only factor
that has not seen any trend is the percentage failure rate. Over the four years con-
sidered, there is some variation but no overall change from the ﬁrst to the fourth year
(approximately 7%).
Given the results in Table 2 and the module’s unchanged syllabus during the period
considered, the impact of ﬂexible learning upon student performance seems very
apparent, particularly as the mean marks and good honours outcomes both remained
near constant during the two years with the same application of FLM.8 However, the
outcomes reported could well be inﬂuenced by cohort eﬀects, with movements in marks
simply reﬂecting changes in student characteristics and a shift towards a student body
with higher innate technical skills. To control for such cohort eﬀects, the marks for each
student on this module are examined relative to their marks on all the other modules
they undertook in their ﬁnal year of study. That is, two series are examined for
each year: one containing student marks on this module and the other containing the
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average marks achieved across other modules for these students.9 The resulting mean
diﬀerence in these marks, the t-statistic for this mean being zero and the associated
p-value for this test are provided in Table 3. These results show that there is a variation
in the mean diﬀerence through the years. However, in only one year is this diﬀerence
statistically diﬀerent from zero. This is the ﬁnal year in which the full set of FLM
coincides with students scoring substantially and signiﬁcantly higher on this module
(9.3%) than they scored elsewhere. Our results therefore reject cohort eﬀects, strength-
ening the evidence of a substantial improvement in outcomes as a result of the
provision of our ﬂexible learning materials.
To further understand the nature of the outcomes obtained, the distribution of
student marks for each year is also investigated. This analysis is prompted by the
NUS Student Experience Report of 2008 which classiﬁes students according to their
underlying motivations. It identiﬁes students as ‘Next Steppers’, ‘Toe Dippers’, ‘Options
Openers’ and ‘Academics’. The labels reﬂect their underlying motivation for attending
University. Are they looking to achieve career goals? Are they looking for experiential
beneﬁts from a new life at University? Are they looking to learn interesting subjects or
to be stretched academically? This form of attitudinal decomposition leads to consid-
eration of issues which may help understanding of the success or failure of pedagogical
innovations. Consider again our reference to ‘grade targeting’. An improvement in
learning materials, rather than improving outcomes, could simply make it easier to
achieve a target level of performance. To explore the distribution of outcomes further
and shed some light on these potential satisﬁcing eﬀects, the Triples Test of Randles,
Fligner, Policello, and Wolfe (1980) is employed. This test allows non-parametric
hypothesis testing of asymmetry in the distribution of marks. By considering potential
asymmetry in the mark distribution, we can test whether statistically signiﬁcant
Table 2. Module statistics.
Date FLM Mean No. Fail GH
2013–14 3 55.1 15 1 27
2014–15 5 60.3 16 3 56
2015–16 5 60.7 17 1 53
2016–17 8 70.7 27 2 85
Notes: The above notation refers to: the number of ﬂexible learning materials available
during the time of the delivery of the module (FLM); the mean module mark (Mean);
the number of students taking the module (No.); the number of students failing the
module (Fail); the percentage of students obtaining ‘good honours outcomes (GH).
Table 3. Examining diﬀerences across modules.
Date Diﬀerence t-statistic p-value
2013–14 −1.9 −0.62 0.55
2014–15 3.1 0.81 0.43
2015–16 −3.1 −1.43 0.17
2016–17 9.3 4.14 <0.01
Notes: The above notation refers to: the average diﬀerence between the marks obtained
by students on this module and their average mark on all other ﬁnal year modules
taken (Diﬀerence); the t-statistic for the null hypothesis of the students’ marks on this
module diﬀering from their marks elsewhere (t-statistic); the p-value associated with
the test of no signiﬁcant diﬀerence in means (p-value).
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‘separation’ of marks occurs where some students lie at one end of the distribution
while others are clustered at the other. While complex in nature, the central features of
this approach involve the calculation of an asymmetry statistic η^ð Þ and an associated
test statistic for its signiﬁcance Tð Þ.10 The results obtained from application of Triples
testing are reported in Table 4.
Table 4 shows that there are two years in which signiﬁcant results are obtained. In
both cases negative asymmetry is present. This indicates that there is a longer or ﬂatter
left-hand tail in the distribution of marks, corresponding to a small number of low
marks at one end of the distribution and a larger number of higher marks at the other.
These results reﬂect the message from earlier ﬁndings concerning fail rates, average
marks and good honours outcomes as they conﬁrm the statistical signiﬁcance of the
movement towards the higher end of the distribution. Taking the results in the three
tables in combination, there is evidence to support the notion that the ﬁnal year of the
study (2016–2017) has a large proportion of students who, rather than undertaking
grade targeting, exhibit the motivation of ‘academics’ in the National Union of Students
(2008) terminology and are seeking to maximise their performance. We not only see an
increase in the mean module mark, but also a signiﬁcant negative skew of the marking
distribution, reﬂecting a movement of student outcomes away from lower scores
towards higher levels of performance.
6. Conclusion
The discussion has centred upon the impact of the introduction of ﬂexible learning on
a highly technical quantitative methods undergraduate module. Considering results over
a four-year period, our empirical approach ﬁnds substantial positive gains have been
generated through the adoption of ﬂexible learning techniques. We build on the work
by Webb et al. (2018), which identiﬁes the need for a ‘broad’ application of e-learning
methods designed around student empowerment. If the aim is to simply replicate the
material expected in the lecture environment, there are unlikely to be any positive
eﬀects. However, if there is a signiﬁcant change in the pedagogical approach, then
highly positive outcomes are signiﬁcantly more likely.
Our change in pedagogical approach allows for methods encouraging ‘hidden
intuition’ eﬀects and a positive breakdown of the lecturer-student hierarchy in face-
to-face sessions. The empirical analysis adopted shows that this produces substantial
gains in learning outcomes. During a period of steady increase in the use of ﬂexible
learning, there is strong evidence of increased self-eﬃcacy and increased skills in
quantitative methods. Adding to the quantitative methods curriculum is clearly
Table 4. Examining the distribution of marks.
Date η^ T
2013–14 0.061 1.399
2014–15 −0.106 −2.195*
2015–16 0.035 0.648
2016–17 −0.084 −2.658*
Notes: The above table contains the estimated skewness statistic η^ and Triples
test Tð Þ of Randles et al. (1980). * denotes signiﬁcance at the 5% level using
the standard normal distribution.
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important to address the quantitative skills deﬁcit. However, while an unquestioned
increase is unlikely to produce the improvements required, we argue that
a pedagogical approach incorporating ﬂexible learning methods we can help elim-
inate the quantitative methods deﬁcit and consequently help meet the skills demands
of graduate employers.
Notes
1. The term e-learning is used in the present paper to refer to online ﬂexible learning
materials beyond the typical and familiar online support oﬀered by Blackboard and similar
packages.
2. As the module was introduced in the 2013–14 academic year, it is in its ﬁfth year with four
complete years of student outcomes available for analysis at the time of writing.
3. While reference is made herein and within the pedagogical literature to the notion of
a ‘traditional’ lecture, it is recognised that this is a diﬃcult notion for which to provide an
exact deﬁnition.
4. The ﬁrst set of materials (‘Forecast Evaluation’) pre-dates the current module as it was
developed for a similar postgraduate module on an Economics scheme which is no longer
in existence.
5. These materials are all freely available via the Web links provided in the references.
6. Flexible learning materials of the form available for all other topics are not provided for
this ﬁnal, single topic. Quite simply, the reason for this is that the relevant materials
have not yet been ﬁnalized for submission for potential publication rather than there
being a deliberate policy to avoid doing so due to the nature of the topic or for any
other reason.
7. Good honours within the UK education system refers to marks in the upper second and
ﬁrst-class degree classiﬁcations. That is, marks of 60% and above.
8. The syllabus has not changed in that the same core topics are still considered. However,
data sets and examples have been updated and revised to ensure topicality, in addition to
updating the version of the specialist software employed (EViews) as new releases became
available. Importantly, these issues have in no way changed the pitch or rigour of the
module.
9. Consequently, equal sample sizes are considered for each of the years examined. For
example, in the ﬁnal year considered, marks on this module for 27 students are compared
with the average marks across other modules for these 27 students, thus leading to the
comparison of two series of 27 observations. As noted by a referee, the level of module
enrolment results in relatively small sample analysis being undertaken and results should
be considered with this in mind.
10. Further details on the (combinatorial) nature of the Triples testing approach are available
upon request from the authors in addition to the seminal paper of Randles et al. (1980).
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